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(54) Double resonance antenna structure for several frequency ranges 



(57) The invention relates to small-sized antenna 
systems especially planar antenna structures operating 
on several frequency bands The antenna structure of 
the invention comprises a radiating antenna element 
with at least two lips. Thus, the antenna structure has 
two basic resonance frequencies, which are defined by 
the dimensions of the lips of the antenna element, gaps 
between them, and tne other dimensions of the antenna 
structure The radiating antenna structure is connected 
to the ground plane at least at one place. The radiating 
antenna element comprises at least two connection 
points which are used tor connecting the feed lines of 
the transmitter and receiver, and for connecting special 
tuning elements The resonance frequencies of the an- 
tenna structure may be adjusted by connecting the said 
tuning elements to the connection points and antenna 
teed lines so that the antenna structure is operable on 
more than two frequency bands The switches may be 
conventional semiconductor switches, such as FET 
switches or PIN diooes. Various optionally connectable 
tuning element or antenna feed arrangements may be 
used lor carrying out an antenna arrangement which 
may be tuned in on all reception and transmission bands 
of an arrangement with several frequency ranges and 
mobile phone systems. 
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Description 

The present invention relates to small-sized anten- 
na systems, especially planar antenna structures oper- 
ating on several frequency bands. s 

A conventional microstnp antenna comprises a 
ground plane and a radiating element isolated from it by 
a dielectric layer. The resonance frequency of the micro- 
strip antenna is determined by the dimensions of the ra- 
diating element and by the distances between the radi- ro 
ating element and the ground plane. Microstnp antenna 
structures are generally described, for example, in the 
books "Handbook of Microstnp Antennas". J R. James 
and P S. Hall (Eds.), Vol 1 , Peter Peregrmus Ltd. London 
1989. and "Analysis, Design, and Measurement of J $ 
Small and Low-Profile Antennas*, K.Hirasawa and M. 
Haneishi. Artech House. Boston 1992. 

Previously known are also microstnp antenna struc- . 
tures, in which one side of the radiating element is shon- 
circuiled to the ground plane. With such an arrange- 
ment. a certain resonance frequency may be reached 
by considerably smaller physical dimensions than those 
of the simplest microstnp antenna described above 

A problem with the planar-like antenna structures 
of the known tehnology is that they are thick and narrow- 2S 
band. Antennas used in personal mobile stations have 
to be small. However, thinning of the microstnp antenna 
narrows the usable frequency band of the antenna 
Many mobile communication systems require a relative- 
ly wide frequency band, e g the DCS- 1 800 system 30 
needs about 10% relative frequency band with respect 
to the medium frequency. 

In a GSM system, for example, the distance be- 
tween the transmission and reception bands is 45 MHz. 
the transmission band is 690 MHz - 915 MHz. and the 3S 
reception band 935 MHz - 960 MHz With single reso- 
nance antennas, the frequency band has to be consid- 
erably wide. i.e. in the case of GSM. at least 890 MHz - 
960 MHz. Due to manufacturing tolerances and objects 
near the antenna, e.g. user's hand, affecting the reso- *o 
nance frequency, the band width has to be even wider 
than the value in the mentioned ideal case 

Another approach is to use a double resonance an- 
tenna, the first frequency band ot which corresponds to 
tne transmission band, and the second treauency band 
corresponomc to the reception band in this case, the 
frequency bands of the antenna need not be as wide as 
those ol an antenna having only one frequency banc 
Such antennas having two resonance bands may for 
example, consist of two helix antennas tuned in tc dii- so 
ferent frequencies, or o1 a combination ot a rod antenna 
and a helix, in whicr tne rod and the helix are tuned in 
different frequency ranges. Such structures are. for ex- 
ample, disclosed in the Finnish patent application 
952780. However, these kinds of helix antenna struc- ss 
tures are difficult to realize inside a case of a mobile sta- 
tion Further, these solutions only operate on two fre- 
quency bands. Future versatile mobile stations operable 
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in more than one mobile communication system now- 
ever need antenna structures operation on more than 
two separate frequency bands 

Planar-like antenna structures of twc frequency 
bands are disclosed, tor example in the patent applica- 
tion US-5 124 733. The patent publication discloses a 
microstnp antenna structure, comprising a ground plane 
and. additionally one active radiating element and one 
passive element. The elements are a quaner ol a wave 
long and short circuited to the ground plane via one side 
The resonance frequencies of tne elements differ from 
each other, thus forming two separate operation fre- 
quency bands for the antenna structure A drawback of 
this solution is the thickness caused by two superim- 
posed antenna elements. Likewise, also this solution 
enables the operation of two frequency bands, only. 

It is the object ot the present invention to provide an 
antenna arrangement operating on several frequency 
bands. In addition, it is the invention's object to provide 
as small as possible an antenna arrangement integrated 
with a mobile station. Further, it is the object of the in- 
vention to provide an antenna arrangement for mobile 
stations using several frequency ranges and telecom- 
munication systems. 

The objects arc realized by forming a planar anten- 
na, the radiating antenna element of which includes at 
least two lips, thus providing the antenna structure with 
two separate resonance frequencies. The antenna ele- 
ment comprises at least two connection points, to which 
the feed line of the transmitter and the feed line of the 
receiver are connected. The resonance frequencies of 
the antenna structure may be adjusted by separate tun- 
ing elements which may optionally be connected to the 
connection points or feed lines 

It is characteristic of the antenna structure of the in- 
vention, that said antenna element has at least two sep- 
arate resonance frequencies, and that the said antenna 
element has at least two connection points for connect- 
ing the feed lines of the antenna structure 

The present invention also concerns a mobile sta- 
tion, which is characterized in that said antenna element 
has at least two connection points for connecting the 
feed lines, and that the said antenna arrangement fur- 
ther comprises at least one switch and at least one tun- 
ing element so that said at least one tuning element can 
be connected to the connection point of the antenna el; 
ement with said at least one switch for changing at least 
one resonance frequency of the antenna arrangement. 

The antenna structure of the invention contains at 
least two lips in the radiating antenna element. Thus, 
the antenna structure has two basic resonance frequen- 
cies which are defined by the dimensions of the lips of 
the antenna element, and by the gaps between them, 
and by other dimensions of the antenna structure. The 
radiating antenna element is connected to the ground 
plane at least at one point. The radiating antenna ele- 
ment contains at least two connection points which are 
used for connecting the teed lines of the transmitter and 
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receiver and lor connecting special tuning elements. 
Resonance frequencies ot the antenna structure may 
be adjusted by connecting said tuning elements to the 
connection points and the antenna feed lines, thus mak- 
ing the antenna structure operable on more than two fre- 
quency bands The switches may be conventional sem- 
iconductor switches, such as FET switches or PIN di- 
odes Various optionally connectable tuning element or 
antenna feed arrangements may be used for providing 
an antenna arrangement which can be tuned in on all 
reception and transmission bands of several frequency 
ranges and telecommunication systems. 

The present invention is next described in more de- 
tail referring to the advantageous embodiments shown 
and to the enclosed drawings, in which 

Fig 1 shows an antenna element ot an antenna 
structure according to an advantageous embodi- . 
ment of the invention; 

Fig. 2 describes an antenna structure of an advan- 
tageous embodiment: 

Fig. 3 shows a feed arrangement in accordance 
with an advantageous embodiment of the invention: 

Fig 4 shows an advantageous embodiment which 
makes it possible to make the same device opera- 
ble in four different frequency ranges. 

Fig. 5 shows an advantageous embodiment ot the 
invention m which the transmitter and receiver of the 
apparatus are connected to the same connection 
point of the antenna: 

Fig 6 illustrates the position of an antenna structure 
ot the mention within a mobile station 21 0. 

Fig 7 illustrates an antenna element of an antenna 
structure m accordance with ah advantageous em- 
bodiment of the invention: 

Fig. S illustrates the arrangement of the antenna el- 
ement of Fig. 7 on a circuit board. 

Fig. 9 illustrates an advantageous arrangement of 
tne antenna element of Fig. 7 in a moDile station. 

Figs 10a and 10b illustrate a further advantageous 
embodiment of the invention having a hole in the 
radiating element; 

Fig 11 illustrates a further advantageous embodi- 
ment o! the invention having a notcn in the radiating 
element; and 

Figs 12a. 12d. and 12c illustrate a further advanta- 
geous embodiment ot the invention, in which the 



resonance freauencies of the antenna structure are 
further adjusted by shaping ol the grounc Diane oi 
the antenna structure 

5 The same reference numoers and indications are 
used for corresponding pans in the figures 

In Fig. 1. there is shown the snape ot an radiating 
element 100 ot an antenna m accordance with an ad- 
vantageous embodiment of the invention The element 

io 100 comprises a shorter side 1 01 and a longer side 102 
with gaps 103. 10* inbetween The element is short- 
circuited to ground plane at the short circuit point 133 
The element includes two connection points 110. 120 
for the antenna teed and tuning elements 

is The resonance frequencies of the element are de- 
pendent on the interrelation ot the dimensions ot the an- 
tenna element halves 101, 102. The dimensions ot the 
halves of the longer antenna define the lower resonance 
frequency, the dimensions of the halves of the shorter 

20 antenna defining the higher resonance frequency. In ad- 
dition, also the relations between the widths and lengths 
of the gaps 103. 104 affect the resonance frequencies 
The placing ot the 1eed point makes it possible to 
choose which of the element halves has a stronger ef- 

2S feet. By forming two different feed points tor the antenna 
element, it is possible to form two different operation 
bands tor one antenna element. The choice of the fre- 
quency band to be used enables the use of a narrow 
frequency band, either one of a reception or a transmis- 

30 sion frequency band, thus making tne antenna easier to 
manufacture. 

The teed point to be used may be chosen, lor ex- 
ample, by a switch on the feed line ot the receiver. When 
the transmitter is connected to the antenna, the receiver 

is is separated from the antenna by the switch, and during 
reception, the receiver is connected to the antenna The 
switch may also De a change-over switch, which is used 
tor connecting either the transmitter or tne receiver to 
the antenna 

40 The switches may. tor example be PIN diodes. Also 
other semiconductor switches, such as FET switches, 
according to the conventional technology may be used 
as switches In some applications, also conventional 
mechanical switches may be used. 

45 The dimensions ot the antenna element in Fig 1 
may advantageously be. tor example, about 2B x 25 
mm, wnereby the basic resonance frequencies coincide 
approximately with the frequency bands of the GSM 
system. 

so Fig 2 shows an antenna structure formed by the 
antenna element 100 of Fig. 1 The antenna structure 
includes an antenna element 100, a ground plane 140. 
and an intermediate insulating layer or gap 1 50. It is pos- 
sible to affect the band width of the antenna structure, 

55 its performance and the minimum size to be reached by 
the choice ot distance between the antenna element 
100 and the ground plane 140. and by the choice of a 
suitable insulating material The insulating material may 
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be air if the antenna element is reaped as a sell-sup- 
porting structure Other possible materials are lor ex- 
ample, various plastics and ceramic materials, depeno- 
ing on the desired manufacturing methoo and the die- 
lectnc constant. The insulating layer 1 50 may also con- s 
sist of a combination of the above-mentioned materials, 
such as various hollow plastic structures for the reduc- 
tion of weight and losses. 

Resonance frequencies of the antenna element in 
Fig. 1 may further be adjusted by separate tuning ele- 10 
ments. The tuning element may be a capacitive element 
or an inductive element or a combination of these. The 
tuning element may be connected to the ground poten- 
tial, for example, from the connection point 110, 120 of 
the antenna element 100, or the tuning element may 75 
form a part of the feed line extending from the transmitter 
or receiver. There may also be more than one tuning 
element, thus making it possible to switch on the desired 
tuning element or a combination of tuning elements by 
special switches. These switches may advantageously 20 
be conventional semiconductor switches By using dif- 
ferent kinds of tuning elements, the antenna structure is 
made to tune in to several different frequency bands 

The use of tuning elements is illustrated in Fig. 3 
The example in Fig. 3 describes a mobile station oper- 25 
ating in two frequency ranges so that the frequency 
ranges each have separate transmission and reception 
frequency bands. In this kind of application, the antenna 
has to resonate on lour separate resonance bands In 
the embodiment of Fig. 3, the basic resonance frequen- 30 
cies of a two-part antenna element correspond to the 
first transmission band, the change-over switch is in po- 
sition A. and the receiver part RX1 of the first frequency 
band is not connected to the antenna. During reception 
on the first reception band, the change-over switch Si 35 
is in position B, and the receiver pan RX1 of the first 
frequency band is connected to the receiver feed point 
of the antenna When transmitting on the second trans- 
mission band, the change-over switch Si is in position 
D, and the receiver feed point of the antenna is connect- *o 
ed to the ground potential via capacitor C1. Thus, the 
capacitor C1 forms a tuning element of the kind de- 
scribed above, tuning a resonance freauency of the an- 
tenna to the said second transmission Dand During re- 
ception on the second frequency band, the change-over 
switch Si is in position C, and the receiver pan RX2 of 
the second reception band is connected to the reception 
leed point via capacitor C2. Thus, the capacitor C2 
forms a second tuning element of the kind descnbed 
above, tuning a second resonance freauency of the an- so 
tenna to the said second reception band In this emooo- 
iment, the transmitter part TX1 of the first frequency 
range and the transmitter part TX2 of the second fre- 
quency range are integrally connected to the transmitter 
feed point of the antenna element. ss 

By adding various matching elements and connec- 
tion alternatives, it is possible in a way illustrated in Fig. 
3 to realize antenna systems which can be made to res- 



onate on more than four frequency banos 

In telecommunication systems in which the receiv- 
er and transmitter do not operate simultaneously, ad- 
vantageously only either the feed line of the transmitter 
or that of tne receiver is connected. Such systems are 
for example, GSM. DCS and PCN In such telecommu- 
nication systems, in which the receiver and transmitter 
are simultaneously in operation, also the receiver an- 
tenna and the transmitter antenna have to be connected 
simultaneously. Such systems include i.a CDMA sys- 
tem and analog systems, e.g. AMPS. TACS and NMT 
The antenna system of the present invention may 
be used in all these telecommunication systems. In Fig 
4. there is shown an example of a possible antenna ar- 
rangement in a mobile station, which is fitted to operate 
both in AMPS. GSM 900. DCS 1 BOO. and PCS 1 900 sys- 
tems. In this embodiment, the resonance frequencies of 
the antenna element 100 (not shown in Fig 4) cover the 
transmission and reception frequencies of both the 
AMPS and DCS ie00 systems. The antenna can also 
be tuned in on the frequency bands of the GSM 900 sys- 
tem and the PCS 1 900 system by tuning elements C3. 
C4. C5 and C6. The dimensioning of the tuning ele- 
ments C3. C4. C5 and C6 depends i.a on the length of 
the transmission lines supplying the antenna, the im- 
pedances of the switches and the transmitter and recep- 
tion filters, and on the tuning of the antenna element. 

In time-division telecommunication systems, the 
switch S4 may most advantageously be placed in an un- 
connected position NC for the transmission period, and 
the transmitter may be connected to the antenna by the 
switch S3: and. on the other hand, for the reception pe- 
riod, the switch S3 may be placed in an unconnected 
position NC. and the receiver may be connected to the 
antenna by the switch S4. In this embodiment, the 
switches S3 and S4 may thus be controlled regardless 
of each other 

The embodiment in Fig 4 is only one example of a 
possible embodiment of the present invention. In the an- 
tenna system of the invention, more or fewer frequency 
bands may be used. 

The embodiment in Fig. 4 illustrates especially that 
switches and tuning elements may be used in all circuits 
connected to the various connection points of the an- 
tenna In this embodiment, there are two connection 
points, of which the one is used to teed the output signal 
of the transmitter to the antenna element, and the other 
to connect the feed signal of the receiver to the receiver 
The number of connection points may in various embod- 
iments be different from two. and they can be connected 
also in some other way than the one shown in Fig. 4. 
For example, more than one connection point may be 
used for feeding the transmission signals of various fre- 
quency ranges. 

In the antenna arrangement of the invention, the 
transmitter and receiver may be connected to the same 
connection point Such an embodiment is presented in 
Fig 5. which presents an exemplary switch arrange- 
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ment ot an advantageous embodiment tor an antenna 
system ot two frequency ranges In this embodiment 
the transmitter and receiver circuits are connected d- 
rectly to the connection point ot the antenna element 
tuning elements and control switches being connected 
to the otner connection pomt of the antenna element. In 
this embodiment, the basic resonance frequencies of 
the antenna element correspond to transmission fre- 
quency bands of two frequency ranges so that, during 
transmission, both switches ot the tuning elements are 
in the unconnected position NC. Upon receiving the first 
reception frequency band, the switch S6 connects the 
tuning element C7 to the second connection point ot the 
antenna so that a resonance frequency of the antenna 
shifts to the place of the first reception frequency band. 
Upon reception on the second reception frequency 
band, the tuning element C7 is connected to tne second 
connection point by switch S5 so that a resonance fre- 
quency ot tne antenna switches over to the place ot the 
second Irequency reception band. 

In the embodiment of Fig. 5. both the connection 
points ol the antenna are used for controlling the anten- 
na, but yet tn different ways: the first connection point is 
used for feeding the antenna and the second for adjust- 
ing the resonance frequencies of the antenna. 

The antenna system of the present invention ap- 
plied to a portable mobile station makes it possible also 
to use an external antenna. Most advantageously, this 
is acnieved by adding switches to the feed line of the 
transmitter and the teed line of the receiver for connect- 
ing an external antenna to the transmitter and receiver 
Most advantageously, the switches may be positioned 
so that the tuning elements of the antenna structure ot 
the invention inside the mobile station do not affect the 
tuning of the external antenna. The external antenna 
may also be connected so that it is only used during the 
transmission period, in this case the transmitter part ot 
the mobile station is connected to the external antenna 
and the receiver part of the mobile station is connected 
to the internal antenna structure of the mobile station 
This solution makes it possible to use an external, effi- 
cient antenna in the transmission, which reduces the 
power consumption of the mobile station and allows 
longer charging intervals ot the batteries ol the mobile 
station. 

The antenna system of the present invention is 
adapted for use especially in mobile stations ot several 
frequency ranges, an advantageous example of wnich 
is a combined dual mode phone operable in tne 900 
MHz GSM and 1800 MHz DCS systems. The antenna 
system of the invention is suitable for use also in other 
kinds of combinations, for example, m the combined cel- 
lular network and satellite phone, which is being 
planned. 

The antenna system of the invention is especially 
adapted for carrying out of internal multifrequency an- 
tenna systems for small mobile stations and other small- 
sizeo devices This is illustrated in Fig 6. wnich presents 



the placing ot the antenna structure 230 ol the presev. 
invention inside the mobile station 210 

The antenna struciure of the invention may also oe 
used tor uiilizing a frequency oand which is wioer than 
s the band width of a certain resonance bana of a single 
integrated antenna element The resonance Irequency 
ot the antenna structure o: tne invention may be formed 
so that it can be shitted with small steps by tuning ele- 
ments or suitably selected connection points, so that by 
io shifting a narrow frequency band as neeoed an advan- 
tageous operation is achieved in the whole ot the wider 
frequency band. This kind ot embodiment enables the 
reduction of the dimensions ot the antenna structure at 
the expense of the oand width so that the narrowing ot 
is the t>and width may be compensated by shitting the op- 
eration band as required. Such an emoodiment also al- 
lows the optimization ot the standing wave ratio, which 
may also be used in sucn cases where the operation 
band ot the antenna is sufficient to cover the necessary 
20 irequency range. The standing wave ratio is typically al 
an optimum in the middle ot the operational band ot the 
antenna, whereby the antenna structure of the invention 
may be used to shift the optimum of the standing wave 
ratio to or near the frequency used at the time. Such a 
2S procedure is possible on both the transmission and re- 
ception bands. Shifting the operation band may in this 
and in other embodiments presented m this application 
be carried out continuously by adjustable tuning ele- 
ments, e g. capacitance diodes 
30 In Fig 7. there is shown another advantageous 
structure tor the antenna element 100 This structure in- 
cludes two lips 101. 102. as in the example of Fig. 1. 
separated by two slots 103. 104. In this embodiment, 
the earth connection and connection points are realized 
3S as strips 110' . 120'. 130'. Such a structure enables the 
simple fastening of the antenna element to the equip- 
ment. Spring contacts may advantageously be formed 
from the strips 110', 120', 130', for example, by bending 
them at the bending lines A. B so that it is possible to 
40 connect the antenna to the equipment by pressing the 
spring contacts formed by the strips, for example, 
against contact areas on the circuit board ot the equip- 
ment. In the antenna element of Fig. 7. the strip 110* 
acts as a feed stnp. and ot the other two strips 120'. 130' , 
45 tne one may be used as a grounding strip and the other 
tor connecting the matching elements 

Fig. 8 illustrates the connection ot the antenna ele- 
ment of Fig. 7 to the cir ucil board 1 60 ol a mobile station. 
The strips 110". 120', 130* ot the antenna element 100 
so are bent to the contact areas on the circuit board. In this 
embodiment, the feed strip 110' may most advanta- 
geously be pressed against the contact area of an an- 
tenna filter component so that the most direct possible 
connection is achieved between the antenna and the fil- 
ss ter component. Thus, it is possible to avoid the formation 
of excess losses due to the stray capacitance of the cir- 
cuit board conductor between the filter component and 
the contact area meant for the feed line of the antenna 
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on the circuit board In the embodiment of Pig S the 
ground plane of the antenna structure is formed on the 
sun* ace of the circuit board 1 60 (not shown in the figure) 

Fig. 9 illustrates the fastening of the antenna ele- 
ment of Figs 7 and 6 to the frame of the mobile station, s 
The antenna may advantageously be attached to the 
back pan of a two-piece case of a mobile station, for 
example, by pins 211 formed on the case of the case 
matenal. Fastening gaps (not shown in Fig. 7) may be 
provided in corresponding places of the antenna ele- '0 
ment 100; the antenna element is attached to the case 
so that the pins 211 coincide with the fastening gaps. 
The attachment may further be ensured, for example, 
by melting the pin heads a little so that the pins 211 con- 
form exactly to the shape of the antenna element gaps. 15 
Such an antenna structure is very simple and economic 
to manufacture. Fig. 9 also illustrates the advantageous 
fastening position of the antenna element 100, with 
which it is possible to aftect the directivity of the antenna 
structure. In the position shown in Fig. 9, the antenna 20 
lies closer to the ground plane in the direction of the up- 
per pan of the mobile station and farther away from the 
ground plane in the direction of the lower part of the mo- 
bile station. This directs the maximum of the antenna 
radiation pattern towards the horizontal plane in the typ- 2S 
ical usage position of the mobile station, or a little up- 
wards, and not inadvantageously towards the ground. 

The width of the resonance bands can further be 
widened by constructing the antenna in such a way that 
parts of the radiating element lying farthest from the an- 30 
tenna feed location are radiating in effectively free 
space, or at least in a surrounding which is closer in re- 
semblance to free space than the surrounding around 
those parts of the radiating element lying near the an- 
tenna feed location. 35 

An antenna structure according to the invention 
may also have one or more holes in the sections 101. 
102 of the radiating element The effect of such holes is 
to widen the width of the resonance bands of the sec- 
tions The matching of the radiating element to the teed *o 
lines can also be adjusted with such notes. Figs 10a 
and 1 0b illustrate one example of such an embodiment 
of the invention. Fig. 10a shows a radiating element 100 
having two holes 170, one in each section 101. 102 of 
the radiating element. The part of the radiating element *s 
1 00 marked by dashed line 1 B0 extends laterally outside 
the ground plane 140, as snown in Fig. 10b. wnich 
shows in perspective how the radiating element and 
ground plane may in this particular embodiment be 
placed relative to each other The radiating element is so 
advantageously connected to the ground plane via con- 
nection point 130. to the transmitter via connection point 
1 20 and to the receiver via connection pant 110. 

Fig. 11 shows a further advantageous embodiment 
of the invention having a notch 175 in each of the sec- ss 
tions 101, 102 of the radiating element 100. This con- 
figuration has a similar effect as the use of one or more 
holes 170. namely widening of the resonance bands of 



the radiating element No:ches can as well be used for 
adjustment of matching ol the radiating element to tne 
teed lines. Dashed line 180 snows the area of the rao»- 
atmg element lying outside tne ground plane (no; 
drawn). The radiating element is advantageously con- 
nected to the ground plane via grounding strip 1 30 to 
the transmitter via strip 120 and to the receiver via strip 
110. 

Figure 12a illustrates such an advantageous em- 
bodiment, in which the resonance frequencies of the an- 
tenna are adjusted with both the shape of the radiating 
element 100 as well as the shape of the ground plane 
140. Figure 1 2a shows a notch 1 41 formed in the ground 
plane 140. The notch has the effect of lowering the res- 
onance frequencies of the antenna structure . The shape 
of the notch affects other electrical properties of the an- 
tenna structure, whereby the shaping ot the notch can 
be used for matching the antenna structure to the feed 
lines. A suitable shape ot the notch can be found out. 
for example, by experimenting. The resonance freauen- 
cies of the antenna structure can be lowered by chang- 
ing the size of the notch 141. The effective size of the 
notch 141 can be changed even after the manufacture 
of the antenna structure for example m the way shown 
in Figure 12b. by short circuiting certain locations on the 
sides of the notch with a switch element 142. More than 
one switch element 1 42 may be used, whereby the short 
circuit location can be changed by closing the desired 
switch element. This allows the control of resonance fre- 
quencies of the antenna structure by the control unit of 
a mobile communication means. The size of the notch 
141 can also be adjusted using short circuiting strips 143 
as shown in Figure 12c. Figure 12c illustrates one ex- 
ample of shaping and positioning of short circuiting 
strips, and in various embodiments of the invention, the 
strips may be shaped and positioned also in other ways. 
For example, the strips can cross the notch 141 in an 
oblique angle, orform a zigzag- or a network-like shape. 
According to the embodiment of figure 12c, the reso- 
nance frequency of the antenna structure can be adjust- 
ed by cutting one or more of the short circuiting strips 
143. If the short circuiting strips 143 form a network-like 
configuration, also the shape of the notch 141 can be 
changed by cutting one or more ot the short circuiting 
strips. An embodiment according to figure 12c allows 
the use of a single series produced ground plane com- 
ponent in different mobile communication systems hav- 
ing different operaling frequency bands, whereby the 
antenna structure can De tuned to the particular operat- 
ing frequency band by cutting a desired number of the 
short circuiting strips 143. The invention is not limited to 
the location of the notch 141 shown in figures 12a, 12b, 
and 12c. In various embodiments of the invention, the 
notch 141 can be located in other locations in the ground 
plane. 

The basic resonance frequency bands of the anten- 
na structure according to the invention can advanta- 
geously be optimized such that they correspond to the 
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receiving and transmitting Irequencies ol a desirec te.- 
ecommunications network tor example to the receiving 
and transmitting frequency bancs o! the GSM900 sys- 
tem, and matching elements described previously be 
used to transfer these two resonance bands to corre- 
sponding bands ot another telecommunications net- 
work With such a structure, there is no need to connect 
or disconnect various matching elements tor reception 
or transmission during communication to one network. 
Such a structure can advantageously be applied, tor ex- 
ample, to the antenna system of Fig 5 having a single 
teed point. Such a system has a further advantage 
namely such a system allows simple attachment ot a 
connector for an external antenna structure since trans- 
mitter and receiver feeds form a single feed line, to 
which such a connector may directly be fixed. 

The pan ot the radiating element extending past the 
ground plane can advantageously be positioned in such 
a way. that me average distance to surrounding compo- 
nents within the mobile unit is maximized or optimized. 
This can be effected for example by bending the radiat- 
ing element so as to bring said part as far as possible 
away from near-lying components 

The antenna structures discussed in relation to 
Figs. 10a. 10b. and 11 have as a further advantage a 
highly cross polarized radiation field, which is nearly om- 
nidirectional High degree of cross polarization im- 
proves the connection between the mobile unit and the 
base station antenna by reducing the etlect of attitude 
of the mobile unit 

Above there have been descriDed antenna struc- 
tures which, besides the ground plane include one ad- 
vantageously two-part radiating element In the antenna 
structure ot the invention, it is possible to use passive 
elements ol the known tecnnology in addition to the ra- 
diating element 

The antenna structure of the invention also has low 
manufacturing and material costs There is no need to 
provide the antenna element with a protective layer, as 
the antenna may most advantageously be oositioned in- 
side the mobile station case The material ot the antenna 
element may be conventional sheet metal or other sim- 
itar metal plate, which is easy to press, and process in 
other ways Tne support material ot the antenna may 
consist ol plastic material typically used in the mobile 
station case 

The ground plane 1 40 ot the antenna structure may 
be formed in many different ways One advantageous 
way is to use tne electrically conductive area formed on 
the circuit plate 160 ol the mobile station as ground 
plane For example, also RF-protection of a component 
of the mobile station may be used as ground plane The 
RF protection of the antenna filter may be given as an 
example. In case the mobile station includes some other 
metal component, e.g. a metal part in the mobile station 
frame, this may also be used as ground plane. 

The shape of the element in Fig 1 does not limit the 
various embodiments of the invention, but it is also pos- 



sible to provide the antenna structure ot tn? mventc- 
with antenna elements of different shapes witn iwc res- 
onance frequencies tne elements ncUamg at least twe 
connection points oiacec unsymmetricahy tc tne amen- 

5 na element In addition various embodiments may in- 
clude elements divideo into more man two Dans for pro- 
viding more than two basic resonance treauencies 

The antenna structure ot tne invention may also be 
utilized in several other state-of-me-art raoio appiica- 

io tions ot the known technology reauinng a small-sizeo 
antenna, tor example, in a base station tor a wireless 
office system. A thin planar antenna may be installed 
for example, in the same case witn other comDonems 
of the base station so that such a small base station may 

J5 simple be installed to the place ot use e g a wall ot the 
ottice corridor, without navmg to separately install the 
antenna. 

The antenna structure of the invention is smaller 
than a conventional state-of-the-art strip antenna ot the 
20 same frequency range. The structure of the invention 
may easily be used for producing an antenna of two or 
more frequency ranges. 

The antenna arrangement ol several frequency 
ranges of the invention is smaller than the conventional 
2$ solutions, as the structure of the invention docs not re- 
quire any duplexers which are larger tnan conventional 
semiconductor switches, e.g. FET switches. In addition, 
operation on several frequency ranges considerably 
complicates the conventional duplex structure, thus 
30 making the damping ot the duplexer relatively targe 
When using a conventional FET switcn. tne damping is 
only about 0.3 dB. 

The antenna structure ot the invention is small and 
simple to manufacture. Because of the tuning elements. 
35 the standing-wave ratio is very good on all operation fre- 
quency bands 

It is obvious tor those skilled in the art that the above 
embodiments may be comb in eo in many different ways 
within tne various applications ot the invention. Above. 
40 the invention has been illustrated with reference to some 
ot its advantageous embodiments, but it is obvious that 
the invention may be modified in many different ways in 
accordance with the basic inventive ioea defined in the 
enclosed claims 

45 

Claims 

1. An antenna structure, comprising a planar antenna 
so element (1 00) and a grouna plane (i 40) so that the 
said antenna element is short -circuited to the 
ground plane at least at one place, characterized 
in that said antenna element has at least two sep- 
arate resonance frequencies, and that said antenna 
55 element has at least two connection points (110, 
120) for connecting the teed lines of the antenna 
structure 
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2. The antenna structure of claim 1 . characterized tn 
tnat it additionally comprises at least two hps (102 
12) forming different resonance frequencies. 

3. The antenna structure ol claim 1 , characterized in s 
that it additionally comprises one tuning element 
(CV C2. C3, C4. C5, C6) tor changing a resonance 
frequency of the antenna structure. 

4. The antenna structure of claim 3, characterized in 
tnat at least one of said at least one tuning element 
is connected between the connection point of the 
antenna element and the ground potential. 

5. The antenna structure of claim 4. characterized in '5 
that at least one ol the at least one tuning element 
forms pan of the teed line of the antenna. 

6. The antenna structure of claim 3. charaeterizeed 

in thai il additionally comprises at least one switch 20 
for optionally connecting at least one of said at least 
one tuning element to the antenna structure. 

7. The antenna structure of claim 3, characterized in 
tnat it additionally comprises at least one switch tor 2$ 
optionally connecting more than one transmitter 
feed line to a connection point of said antenna ele- 
ment. 

8. The antenna structure of claim 3. characterized in 30 
that it additionally compnses at least one switch for 
optionally connecting more than one receiver teed 
line to a connection point of the antenna 

9. A mobile station the antenna arrangement of wnich 3S 
comprises a radiating antenna element and a 
ground plane, characterized in that said antenna 
element has at least two connection points (110. 

1 20) lor connecting the feed lines, and that tne said 
antenna element further comprises at least one *o 
switch and at least one tuning element so that said 
at least one tuning element can be connected to the 
connection point of the antenna element with said 
at least one switch tor changing at least one reso- 
nance frequency ol the antenna arrangement 45 
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